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GEOTECHNICAL BASELINE REPORT 
I-405, SR 520 TO SR 522 STAGE 1 

(KIRKLAND STAGE I) 
KIRKLAND, WASHINGTON 

FOR 
INTERSTATE 405 PROJECT TEAM 

1.0  INTRODUCTION 
1.1  GENERAL 
This report presents the results our geotechnical baseline evaluation for the Interstate 405 Kirkland 
Segment Design-Build project.  The Kirkland Segment project corridor extends from approximately the 
north end of the State Route 520 intersection near Bellevue, Washington to approximately the south end 
of the State Route 522 intersection near Bothell, Washington.  The project corridor is shown on the 
Project Location Plan, Figure 1. 

1.2  PROJECT UNDERSTANDING 
We understand the Kirkland Segment includes the addition of a new north bound lane to Interstate 405 
between NE 70th Street and NE 124th Street, and a new south bound lane to Interstate 405 between 
NE 70th Street and State Route 522.  The Kirkland Segment is broken into two stages: 

• Stage 1 focuses on the area between NE 85th Street and NE 124th Street 
• Stage 2 (Stage II) focuses on the area between State Route 520 and NE 85th Street and on the area 

between NE 124th Street and State Route 522. 

This report focuses on the Stage 1 improvements which include: 

  Station 
Structure Location Begin Station End Station 
Bridges    
405/55E NB NE 116th Street 4216+90 NB 4218+40 NB 
405/55W SB NE 116th Street 4217+00 SB 4218+50 SB 

Retaining Walls    
3005 NB NE 85th Street On Ramp 4145+68 NB 4154+08 NB 
3010 SB NE 116th Street On Ramp 332+62 SB 345+16 SB 
3020 NB NE 116th Street Off Ramp 136+44 NB 147+55 NB 
3030 NB Infield at NE 116th Street 4214+60 NB 4216+89 NB 
3040 SB Infield at NE 116th Street 4210+99 SB 4217+09 SB 

Noise Walls    
U4 SB NE 85th Street Off Ramp 4143+12 SB 4147+01 SB 
R2 NB NE 85th Street Off Ramp 4144+58 NB 4155+55 NB 
N3 SB NE 85th Street to NE 100th Street 4155+85 SB 4165+08 SB 

Detention Facilities  Milepost  Station 
B4 Pond 18.22 4132+00 NB 
C Pond 19.10 4179+00 SB 
C Vault 19.35 to 19.50 4192+50 SB 4200+00 SB 

Ecology Embankments     
B4.1 18.16 – 18.25 4129+50 NB 4134+50 NB 
B4.2 18.34 – 18.58 4139+00 NB 4151+00 NB 
C1.1 18.58 – 19.36 4151+50 SB 4192+50 SB 
C1.2 19.10 – 19.60 4179+00 NB 4205+00 NB 
D1.1 19.85 – 19.95 4219+00 SB 4224+00 SB 
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The proposed improvements for Stage 1, as well as existing facilities along the entire Kirkland Segment 
(both Stages) are presented on the Site Plans, Figures 3A-3N. 

1.3  SCOPE OF SERVICES 

The purpose of our geotechnical services is to characterize the existing subsurface conditions and 
document the as-built conditions for the existing structures along the Kirkland Segment project 
alignment, with limited geotechnical analyses.  The characterization of subsurface conditions and 
documentation of structure as-built conditions addresses the entire Kirkland Segment (both Stages of the 
project).  Preliminary geotechnical analyses and recommendations are limited to Stage 1 of the project 
alignment.  Our specific scope of services is presented in Work Order No. XL2068 of Agreement No. Y-
8124, Task No. AA.  

1.4  PREVIOUS STUDIES 

Numerous geotechnical studies have been completed along the Kirkland Segment project alignment.  The 
geotechnical studies, along with exploration logs, were provided to GeoEngineers by the Interstate 405 
Project Team.  The geotechnical studies reviewed by GeoEngineers are listed in the References section of 
this report. 

2.0  GEOLOGY AND SEISMICITY 

2.1  GEOLOGIC SETTING 

The project corridor is located within the central Puget Lowland bordered by the Cascade Mountains to 
the east and the Olympic Mountains to the west.  The Puget Lowland is a north-south trending trough 
consisting of Holocene period deposits overlying a thick sequence of relatively unweathered glacial and 
interglacial sediments deposited during the ice ages of the Quaternary period.   

In the central Puget Lowland, the most complete geologic record of the Quaternary period exists for the 
most recent glaciation, the Vashon Stade of the Fraser Glaciation.  The advance and retreat of the Vashon 
age Puget Glacial Lobe, between roughly 18,000 to 13,000 years ago, deposited most of the near surface 
materials and sculpted most of the present landforms within much of the Puget Lowland.  The deposits of 
this glacial episode reflect a wide range of glacial depositional environments.  As the glacier advanced 
southward, streams deposited sediment that formed a broad plain in front of the advancing glacier.  
Gravel size material was deposited close to the glacier, while silt and clay material was transported farther 
from the glacier.  The advance deposits therefore grade from coarse to fine with increasing depth, with 
silts and clays (lake deposits) at the base, then coarse grained sand and gravel at the top. 

Lodgement till, consisting of a non-stratified well-graded deposit of particle sizes ranging from clay to 
large boulders, was deposited directly from the glacier itself.  The most conspicuous aspect of the till is its 
consolidation, the result of being overridden by the glacial ice.  The maximum ice thickness was roughly 
3,000 feet in the project vicinity. 

As the glacier retreated, the depositional sequence was repeated in the inverse order of the glacial 
advance, with first coarse grained gravel and sand, then fine grained silts and clays.  The retreat was rapid 
relative to the advance of the glacier, and the recessional deposits are generally not as thick as the 
advance deposits. 
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Following the Fraser Glaciation, Holocene period sediments were deposited over the glacial soils.  These 
deposits typically consist of alluvial soils in river valleys, beach and marine deposits along shorelines, and 
colluvial deposits (landslide materials) along slopes.  Peat and other organic soils occur in numerous 
depressional areas at the surface.  Some of these Holocene period sediments have been modified by 
human activity, including overexcavation and replacement beneath portions of the Kirkland Segment 
project alignment. 

2.2  PUBLISHED GEOLOGIC MAPS 

Published geologic information for the project vicinity includes United States Geological Survey (USGS) 
Maps for the Kirkland quadrangle (Minard, 1983) and the Bothell quadrangle (Minard, 1985).  The maps 
indicate that five geologic units are present along the project alignment (youngest to oldest): 

• Recessional outwash consisting mostly of loose, stratified sand and gravel with minor silt and 
clay layers.  Locally (near Totem Lake area; milepost 20.3 to 20.9), thick silt and organic layers 
are present.  Along the alignment right-of-way, the maximum thickness of peat is about 15 feet 
(Golder, 2004). 

• Glacial till consisting of a very dense, nonsorted mixture of clay, silt, sand, gravel, cobbles and 
boulders.  The upper 2 to 5 feet is often weathered and typically medium dense to dense. 

• Advance outwash consisting mostly of dense to very dense, stratified sand with gravel and some 
cobbles.  Locally the advance outwash is silty and contains layers of fine-grained sands and silts. 

• Transitional beds consisting mostly of thick sections of hard clay and silt and dense to very 
dense fine sand and some layers of peaty sand.   

• Olympia gravel (pre-Fraser Glaciation) consisting of fluvial deposited sand and gravel.   
 
The mapped alignment geology, based on the Washington State Department of Natural Resources 
GIS Layer, is depicted on Figures 4A through 4N.  Figure 2 provides an index for the alignment geology 
figures. 

2.3  GEOLOGIC RECONNAISSANCE 
2.3.1  General 

A geologic reconnaissance was completed to identify geologic or other sensitive areas along the project 
alignment.  Our geologic reconnaissance was completed in two steps.  The first step consisted of a desk-
level study and involved reviewing available geologic and sensitive areas maps (City of Kirkland, City of 
Bothell, and King County maps), previous explorations and geotechnical reports.  We also reviewed the 
Golder Associates (2004) “Geology, Soils, and Groundwater Discipline Report” that was prepared for the 
I-405 Kirkland Segment Project.  In addition, we reviewed “bald earth” LiDAR images of the alignment 
to aid in assessing geologic hazards.   

The second step consisted of field-truthing and defining more accurately the geologic features, sensitive 
areas and hazard areas identified during the desk-level study.  Additionally, sensitive and/or hazard areas 
observed during the field study that were not mapped or apparent during the desk-level study, were 
identified and documented.  The field geologic reconnaissance was completed by senior level and staff 
level personnel from our firm. 
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The mapped sensitive areas are presented in the following table. 

Sensitive Areas 
Landslide/Erosion 

Milepost Approximate Station Level 
18.66 SB Line 4156+50 (LT) 1 

18.84 to 19.05 SB Line 4165+50 to 4176+50 (LT) 1 

19.12 to 19.20 SB Line 4180+00 to 4184+00 (LT) 2 

19.24 to 19.61 SB Line 4186+50 to 4206+00 (LT) 1 

21.64 NB Line 4302+00 (RT) 1 

22.7 to 23.40 NB Line 4369+30 to 4403+50 (RT & LT) 2 

Notes: 
Level 1:  Moderate Landslide Hazard consists of areas sloping between 15 and 40 percent and underlain by 
relatively permeable soils consisting largely of sand and gravel or highly competent glacial till.  Generally stable 
under natural slope conditions but subject to stability problems due to land use activities.  Severe Erosion 
Hazard when slopes are devegetated. 

Level 2:  High Landslide Hazard consist of areas sloping between 15 and 40 percent with zones of emergent 
groundwater or underlain by, or interbedded with impermeable silts and clays; areas of known mappable 
landslides; all areas sloping 40% or greater; and fill of low quality or strength.  Relatively unstable under natural 
slope conditions.  Severe to Very Severe Erosion Hazard when slopes are devegetated. 

Seismic 

Milepost 20.25 to 20.55 (NB Line 4239+00 to 4256+00 – RT & LT) 
Seismic Hazard Areas consists of areas of potential soil liquefaction and differential ground settlement.  
Areas are generally underlain by loose, sandy soils with a shallow groundwater table.  Includes areas of 
Holocene and recent alluvium, wetlands, areas of fill adjacent to wetlands, and low-lying shoreline areas.  
Areas mapped as landslide hazards are also subject to increased risk of landsliding during a seismic event. 

 
Based on the results of our geologic reconnaissance, it appears that the sensitive areas along the project 
alignment have been fairly accurately portrayed by the City of Kirkland, City of Bothell, and 
King County maps and are consistent with those identified in the Golder Associates (2004) report.   

In several locations, it was noted that geologic conditions differ from those presented on the published 
geologic maps (Figures 4A through 4N).  In particular, alluvial soils are mapped as recessional outwash in 
the Totem Lake area.  Also, areas of significant man-made fills are not included on the published geologic 
maps.  This is discussed further in Section 3.2 of this report. 

2.3.2  Active And Historic Landslide Activity 

An active landslide is present adjacent to the southbound lanes of Interstate 405 in the vicinity of 
Milepost 23.03 to 23.04, approximately 60 feet west of the pavement edge.  Details regarding the 
landslide and proposed corrective measures are available from the Washington State Department of 
Transportation (WSDOT) Geotechnical Services Division’s Unstable Slope Management System.  The 
design of improvements for Stage 2 of the Kirkland Segment will need to address the presence of this 
landslide feature. 

Steep slopes are present along the Interstate 405 alignment between Mileposts 22.7 and 23.4.  This area is 
classified as a High Landslide Hazard on sensitive areas maps.  Previous landslide stabilization work 
completed in this area is depicted on the plans titled “PSH 1-RE NE 132nd St to JCT. FAI 5, Woodinville 
Interchange, King County” dated April 15, 1966 and “PSH 1 (SR 405), N.E. 140th St. to Sammamish 
River, King County” dated May 19, 1967.  These plans are available from WSDOT and indicate the work 
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occurred between approximately L-Line Station 840+00 to 850+00.  It should be noted that these are 
NOT as-built plans.  A general description of the landslide stabilization work is provided below. 

A cut was made into the east (uphill) side of Interstate 405 during construction of the interstate, which 
initiated slope movement.  A riprap buttress was constructed along the cut to stabilize the movement.  In 
addition, three levels of horizontal drains (finger drains) were drilled into the hillside.  The horizontal 
drains range in length from about 100 to 200 feet and were installed with a lateral spacing of 
approximately 50 feet.  The slope of the horizontal drains ranges from 1 to 2 percent.  A series of drainage 
ditches were constructed to collect the groundwater removed from the hillside through the horizontal 
drains.  We understand that WSDOT Maintenance crews periodically remove fine grained soils from 
these drainage ditches. 

An embankment fill was constructed on the west (downhill) side of Interstate 405.  Riprap ribs oriented 
parallel and perpendicular to the slope were installed below the embankment fill.  Perforated pipe was 
installed in the riprap ribs that run perpendicular to the slope to collect groundwater seepage.  The 
perforated pipes are tightlined into a storm drain system.   

2.4  SEISMICITY 
2.4.1  Introduction 

Seismicity in western Washington is primarily driven by the Cascadia Subduction Zone, which is the 
zone where the westward advancing North American Plate is overriding the subducting Juan de Fuca 
Plate.  The subduction zone environment results in three potential seismic source zones for western 
Washington:  (1) shallow crustal earthquakes in the North American plate associated with known and/or 
unknown faults; (2) Cascadia Subduction Zone interface earthquakes (subduction zone earthquakes), 
which occur along the boundary located between the Juan de Fuca and North American plates; and 
(3) Cascadia Subduction Zone intraplate earthquakes (deep subcrustal earthquakes), which occur deep 
within the subducting Juan de Fuca Plate.   

2.4.2  Shallow Crustal Earthquakes 

Shallow crustal earthquakes occur within the North American Plate to depths up to 15 miles.  Shallow 
earthquakes in western Washington are expected to have durations ranging up to 60 seconds.  Four 
magnitude 7 or greater earthquakes have occurred in the last 1,100 years in the Cascadia region, two of 
these occurred on Vancouver Island and two in western Washington.  

The largest historic earthquake in western Washington occurred in 1872 in the North Cascades and is 
estimated to have had a magnitude of 6.8 to 7.4 (Bakun et. al., 2002).  This earthquake is believed to have 
occurred at a depth of less than 10 miles.  The other magnitude 7+ western Washington earthquake 
occurred on the Seattle Fault approximately 1,100 years ago (Booth et. al., 2003).   

Shallow crustal faults with known or suspected displacements within the general project area include the 
Seattle Fault Zone and the Southern Whidbey Island Fault.  The Seattle Fault Zone is 
located approximately 3 miles to the south of the State Route 520/I-405 interchange.  The Seattle Fault 
Zone is an east-west trending reverse-slip fault structure extending from near Issaquah in the east to the 
west side of the Kitsap Peninsula in the west.  The average recurrence interval for magnitude 7+ 
earthquakes along the Seattle Fault Zone is estimated to be on the order of a few thousand to several 
thousand years (Johnson et. al., 1999). 

The Southern Whidbey Island Fault is located approximately 4 miles to the northwest of the 
State Route 522/I-405 interchange.  The Southern Whidbey Island Fault is a northwest trending reverse- 
and strip-slip fault structure extending from the southern end of Whidbey Island to the Strait of Juan de 
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Fuca.  The most recent major earthquake and fault displacement is estimated to have occurred about 3,000 
years ago (Kelsey et. al., 2003). 

2.4.3  Subduction Zone Earthquakes 

Subduction zone earthquakes occur on the boundary between the Juan de Fuca and North American 
tectonic plates, known as the Cascadia Subduction Zone.  The Cascadia Subduction Zone extends from 
Vancouver Island to Northern California.  Interface earthquakes on the Cascadia Subduction Zone are 
anticipated to have durations ranging up to 4 minutes.  

There is no local, historical evidence of Cascadia Subduction Zone earthquakes.  However, paleogeologic 
evidence of the occurrence of large (magnitude 8 to 9+) earthquakes occurring on the Cascadia 
Subduction Zone has recently been discovered.  The last large interface earthquake is believed to have 
occurred in the year 1700 based on carbon dating of sunken/buried organic materials and the recording of 
a rogue tsunami wave in Japan (Atwater, 1987).  It is estimated that the average recurrence interval for 
interface earthquakes on the Cascadia Subduction Zone is about 400 to 1,200 years; however, the interval 
between earthquakes has been irregular (Rogers et. al., 1991).  

2.4.4  Deep Subcrustal Earthquakes 

Deep subcrustal earthquakes occur within the subducting Juan de Fuca Plate at depths of 30 to 40 miles 
within western Washington.  Subcrustal earthquakes are expected to have durations ranging up 
to 45 seconds and magnitudes ranging up to 7.5.  The Olympia 1949 (magnitude 7.1), the Seattle 
1965 (magnitude 6.5), and the Nisqually 2001 (magnitude 6.8) are considered to be subcrustal 
earthquakes.  The recurrence interval for the maximum magnitude earthquake (magnitude 7.5) is 
estimated to be about 200 years, with smaller magnitude earthquake events having shorter recurrence 
intervals (Rogers et. al., 1991).   

3.0  SUBSURFACE CONDITIONS 

3.1  EXISTING DATA 
3.1.1  Historical Explorations 

Subsurface conditions along the project alignment were evaluated in-part by reviewing available 
geotechnical explorations and laboratory data along the Interstate 405 Kirkland Segment alignment 
completed for previous projects.  The exploration logs and laboratory data were provided to us by the 
Interstate 405 Project Team.  Approximately 450 explorations (test pits and borings) were completed by 
others between the late-1960s to 2003.  The locations of the historical explorations are presented on the 
Site Plans, Figures 3A through 3N.  An index to the site plans is provided on Figure 2.  The logs of the 
explorations and laboratory test results are not included in this report but are part of the information 
available to prospective Design-Build teams from the Interstate 405 Project Team office. 

3.1.2  WSDOT I-405 Team Borings Completed As Part Of This Study   

Thirteen explorations (KG-1-04, KI-1-04, KJ-1-04, KQ-1-04, KR-1-04, KS-1-04, KT-1-04, KU-1-04, 
KW-2-04, KX-3-04, KX-4-04, KX-9-04, and KX-10-04) were completed by the WSDOT I-405 team as 
part of the current study.  These borings were drilled using mud rotary techniques with both truck and 
track mounted drilling equipment.  The borings were completed to depths of about 39½ to 51½ feet below 
the ground surface.  The boring locations were selected by the Interstate 405 Project Team and the 
WSDOT Geotechnical Division.  

Soil samples were obtained from the borings at selected depths using a 1.4-inch-inside-diameter split-
barrel sampler (SPT sampler).  The split-barrel sampler was driven into the soil using a 140-pound 
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automatic hammer free-falling a vertical distance of 30 inches.  The number of hammer blows required to 
drive the sampler the final 12 inches, or other indicated distance, is recorded on the boring logs.  The SPT 
values presented on the logs are actual field measured SPT values.  They have not been corrected for 
hammer energy, silt content, rod weight and flexure, or overburden pressures.  

Laboratory tests were completed by WSDOT on selected samples from the borings.  Laboratory testing 
included moisture content determinations, Atterberg Limits (liquid and plastic limits), and particle size 
analyses. 

The locations of the thirteen borings completed as part of the current study are presented on Figures 3A 
through 3N.  The logs of the borings and results of the laboratory tests are presented in Appendix A. 

3.2  SOIL UNITS AND ENGINEERING CHARACTERISTICS 
3.2.1  General 

Based on our review of explorations along the Interstate 405 Kirkland Segment project alignment, the soil 
conditions described on the logs are generally consistent with those presented on the geologic maps and 
our observations during the geologic reconnaissance.  Exceptions are discussed in Section 3.2.3 and 3.2.8 
of this report. 

The subsurface soils along the project alignment generally consist of seven soil units:  fill, alluvial 
deposits, recessional outwash, glacial till, advance outwash, transitional beds and Olympia gravel.  These 
soil units and their typical engineering characteristics are presented below, beginning with the most 
recently deposited.  It is important to note that the engineering properties described are general in nature.  
The existing boring logs should be reviewed to assess subsurface conditions and engineering 
characteristics of the soils at specific locations. 

3.2.2  Fill 

Fill was encountered in some of the borings along the project alignment.  The fill ranges from loose to 
dense and typically consists of sand, silt and gravel.  The fill observed in the explorations varies in 
thickness.  A comparison of the existing finished grade elevations and the boring elevations at some of the 
structure locations indicates that significant amounts of fill have been placed in and around bridge 
approaches.   

Depending on the relative compaction of the fill, allowable bearing pressures for spread footings varying 
from 4 ksf (kips per square foot) to 6 ksf were used for the existing bridge structures.  This bearing 
pressure range is typical for other areas of the Puget Sound region. 

Portions of the fill have relatively high fines content (material passing the U.S. No. 200 sieve) and will 
therefore be moisture sensitive.  These soils may become muddy and unstable when exposed to moisture.  
It will also be difficult to operate equipment on or adequately compact these soils during wet weather 
conditions because of the high fines content.  The existing fill soils generally meet the criteria for 
“Common Borrow” as described in Section 9-03.14(3) of the WSDOT (2004) “Standard Specifications.” 

Infiltration rates into fill deposits can vary tremendously because of the variable composition and layering 
of the fill materials.  In general, existing fill soils are not considered suitable for infiltration. 

3.2.3  Alluvial Deposits and Recessional Outwash 

Alluvial deposits and recessional outwash are combined for discussion in this report because their 
engineering characteristics are relatively similar.  The geologic maps do not differentiate between 
recessional outwash and alluvial deposits; however, sensitive areas map do discuss the presence of 
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alluvial deposits in the Totem Lake area (milepost 20.25 to milepost 20.55).  Recessional outwash was 
alluvially deposited by glacial meltwater streams while alluvial deposits originate from Holocene period 
(post-glacial) river flows.  Neither of these materials has been glacially consolidated. 

Alluvial deposits and recessional outwash typically consists of loose to medium dense, stratified sand and 
gravel with minor silt and clay layers.  The deposits in the Totem Lake area contain large thicknesses of 
soft silt, organic silt, and peat.  In the Puget Sound area, typical allowable bearing capacities for spread 
footings supported on alluvial deposits and recessional outwash, provided soft or organic soils are not 
present, range from 2 ksf to 6 ksf.  Along the project alignment, existing bridges were either supported on 
spread footings founded in approach fill placed over alluvial deposits and recessional outwash or on deep 
foundations. 

Alluvial and recessional outwash deposits with relatively high fines content will be moisture sensitive and 
will become muddy and unstable when the amount of moisture in the soil rises above the optimum 
moisture content.  Provided the material is granular and organic material is separated from these soils or is 
present in minor amounts, these soils generally meet the requirements for “Common Borrow” as 
described in Section 9-03.14(3) of the WSDOT (2004) “Standard Specifications.”  Cleaner deposits 
may be suitable for use as “Gravel Borrow” or “Select Borrow” as described in Sections 9-03.14(1) 
and 9-03.14(2), respectively, of the WSDOT (2004) “Standard Specifications.” 

Infiltration rates into alluvial or recessional outwash deposits typically range from moderate to high 
(1 inch per hour to greater than 10 inches per hour) depending on the silt content of the sandy soils and 
the presence of interbedded silt layers.  The presence of interbedded organic layers or large thicknesses of 
organic layers will significantly decrease the rate of infiltration. 

3.2.4  Glacial Till 

Glacial till consists of a dense to very dense, nonsorted mixture of clay, silt, sand, gravel, cobbles and 
boulders.  The upper 2 to 5 feet is often weathered and typically medium dense to dense.  Allowable 
bearing capacities for spread footing foundations in undisturbed, dense to very dense glacial till typically 
range from 6 ksf to 16 ksf.  The majority of existing bridge spread footings founded on undisturbed dense 
to very dense glacial till were designed for allowable bearing capacities of 4 ksf to 12 ksf.  Notable 
exceptions include, a pier at the bridge for the 116th Street over crossing that was designed for 16 ksf and 
the middle piers of the 1989 widening of the 118th Street bridge which were designed for 20 ksf. 

It is important to note that cobbles and boulders are often encountered in glacial till soils.  Boulders 
ranging up to 10 to 20 feet in diameter have been observed in glacial till soils within the Puget Sound 
region. 

Glacial till typically contains a significant percentage of fines (silt and clay) and is moisture sensitive.  
When the moisture content is more than a few percent above the optimum moisture content, glacial till 
soils become muddy and unstable and operation of equipment on these soils can be difficult.  Wet weather 
construction is generally not recommended for glacial till soils without the use of admixtures to control 
moisture content.  Glacial till soils typically meet the criteria for “Common Borrow.” 

Relatively low infiltration rates (less than 0.5 inches per hour) are typically encountered in glacial till 
soils because of the high fines content and the density of the soils. 

3.2.5  Advance Outwash 

Advance outwash consists chiefly of dense to very dense, stratified sand with gravel and some cobbles 
and boulders.  Allowable bearing capacities for spread footing foundations in undisturbed dense to very 
dense advance outwash soils typically range from 6 ksf to 16 ksf.  Along the Kirkland Segment, existing 
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bridge spread footings founded on undisturbed dense to very dense advance outwash were designed for 
allowable bearing capacities ranging between 4 ksf to 12 ksf. 

Advance outwash deposits often contain relatively low fines content.  Locally, the advance outwash can 
be silty and contain layers of fine-grained sands and silts.  Advance outwash soils are typically less 
moisture sensitive than glacial till soils.  Advance outwash sand and gravel often meet the gradation 
requirements for “Gravel Borrow” and “Select Borrow.”  Locally silty lenses typically meet the criteria 
for “Common Borrow.” 

Moderate to high infiltration rates (1 inch per hour to greater than 10 inches per hour) are often 
encountered in advance outwash soils.  The infiltration rate is dependent on the silt content of the soil and 
the presence of interbedded layers with higher silt contents. 

3.2.6  Transitional Beds 

Transitional beds consist mostly of thick sections of hard clay and silt and dense to very dense fine sand, 
with some layers of peaty sand.  Allowable bearing capacities in the undisturbed transitional beds deposits 
typically range from 4 ksf to 12 ksf.  An existing bridge spread footing along the Kirkland Segment was 
founded on undisturbed transitional beds and designed for an allowable bearing capacity of 8 ksf.  

The fine grained soils are moisture sensitive and will be susceptible to the same degradation described 
above when the moisture in the soil rises above the optimum moisture content.  Transitional bed deposits 
are typically not suitable for re-use as fill. 

Relatively low infiltration rates (less than 0.5 inches per hour) are typically encountered in transitional 
beds because of the high fines content. 

Transitional bed deposits typically have a high probability of slope instability if present in sloping ground 
areas.  High moisture contents, plasticity and jointing are associated with these deposits.  In addition, 
zones of seepage can occur above these deposits in sloping situations because of the relatively low 
permeability of the transitional beds. 

3.2.7  Olympia Gravel  

Olympia gravel generally consists of dense to very dense, stratified sand and gravel and typically 
underlies the transitional beds.  These soils were deposited fluvially before the Fraser glaciation.  High 
allowable bearing capacities are typical in these soils and can be as high as 16 ksf.  No existing Kirkland 
Segment bridge spread foundations are founded on the Olympia Gravel Unit.  The soils also are often 
cemented and stand near-vertical in fresh outcrops.  The Olympia gravel deposits generally meet the 
criteria for “Gravel Borrow” and “Select Borrow.”   

Olympia gravel deposits typically contain a relatively low fines content.  Moderate to high infiltration 
rates (1 inch per hour to greater than 10 inches per hour) are often encountered in Olympia gravel.  The 
infiltration rate is dependent on the silt content of the soil, the degree of cementation and the presence of 
interbedded layers with higher silt contents. 

3.2.8  Soil Unit Locations 

The following table presents expected surficial soil units along the project alignment, based on the 
geologic maps and our geologic reconnaissance.  The soil unit locations are also depicted on Figures 4A 
through 4N, Alignment Geology.  Figures 4A through 4N also present “bare earth” LiDAR images of the 
project alignment.  An index to the Alignment Geology plans is provided on Figure 2. 
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Approximate Milepost Mapped Geologic Unit 

15.4 to 16.9 Glacial Till 
16.9 to 17.7 Advance Outwash 

17.7 to 18.4  Along Boundary Between Advance Outwash and Glacial Till 

18.4 to 19.0 Advance Outwash 

19.0 to 20.3 Glacial Till 

19.4 to 19.7 (west of alignment) Transitional Beds/Olympia Gravel  

20 to 20.5 (west of alignment) Transitional Beds  

20.3 to 20.9 Alluvial Deposits and Recessional Outwash 

20.9 to 21.2 Along Boundary Between Advance Outwash and Glacial Till 

21.2 to 23.4 Advance Outwash 

22.3 to 23.1 (east of alignment) Glacial till 

 
As previously discussed, notable exceptions to the above table and Figures 4A through 4N exist at several 
locations, based on review of the exploration logs and our geologic reconnaissance: 

• Significant thicknesses of fill, up to 30 feet, have generally been placed at the bridge approach 
abutments.  Minor amounts of fill, generally less than 10 feet, have also been placed along the 
majority of the interstate alignment.   

• Our review of the historical explorations and previous reports indicates the presence of 
compressible soils consisting of peat, silts and clays along the alignment between about 
milepost 19.8 (116th Street bridges) to about mile post 20.9 (132nd Street bridges).  This area is 
predominately mapped as recessional outwash but also includes alluvial deposits.  It appears that 
relatively thick layers of silt, clay and peat existed near the surface along this portion of the 
alignment.  However, much of the compressible soils were likely removed as part of the initial 
construction of Interstate 405 and replaced with embankment fill.  It is anticipated that these 
compressible soils may still be present in the median as well as beyond the outer shoulders of the 
freeway (RZA-AGRA, 1991). 

• Alluvial deposits are likely present at creek/river locations along the project alignment.  Four 
creeks/rivers cross the Interstate 405 alignment, including an unnamed creek at approximately 
milepost 17.5, Forbes Creek at approximately milepost 19.15, an unnamed creek at approximately 
milepost 20.85 and Juanita Creek at approximately milepost 21.85. 

• In the vicinity of the 116th Street Bridge, located at approximately milepost 19.8, the 
geologic maps indicate that the near surface soils consist of glacial till.  However, several of the 
historical borings encountered peat and organic silt soil layers on the order of 2 to 4 feet in 
thickness below the bridge approach fills.  Cross sections depicting our interpretation of the 
subsurface conditions at the 116th Street replacement bridge locations are presented in Figures 5 
and 6. 

• At the northern end of the alignment, from about milepost 22.7 to milepost 23.1, the historical 
explorations indicate that there is up to 68 feet of variable density fill overlying transitional beds.  
Inclinometers were installed in several of the previous borings.  Historic and current landslide 
activity has been observed in this area, as discussed in Section 2.3.2 of this report.  The Golder 
(2004) report refers to this area as a landslide complex, while the geologic mapping (Minard, 
1985) indicates that the soils are advance outwash. 
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3.3  GROUNDWATER CONDITIONS 

Variable groundwater conditions were observed in the historical and the WSDOT I-405 Team borings 
completed along the Interstate 405 Kirkland Segment project alignment.  The depth to groundwater was 
observed to be as shallow as a few inches below the ground surface to over 30 feet below the ground 
surface.  We anticipate that the groundwater level along the project alignment will fluctuate as a function 
of season, precipitation and other factors. 

Most of the groundwater levels observed have been interpreted by others to be perched groundwater on 
top of the glacial till or on top of silty layers within the outwash and transitional bed soils.  Perched 
groundwater typically develops where a relatively impermeable soil horizon impedes the vertical 
infiltration of surface water.  It should be noted that multiple perched water levels can form within 
stratified or interlayered soil deposits. 

The following table presents groundwater elevations observed during drilling as well as the measured 
groundwater elevations in piezometers installed in the WSDOT I-405 Team borings. 

Groundwater Measured in Piezometer  Boring Surface 
Elevation 

(ft) 

Elevation of Groundwater 
Observed During Drilling 

(ft)1 Date Elevation (ft)2

KG-1-04 186.6 177.0 07/20/04 181.7 

   08/31/04 182.0 

KI-1-04 154.8 129.8 07/20/04 138.8 

   08/31/04 137.25 

KJ-1-04 108.3 93.8 07/20/04 99.25 

   08/31/04 100.15 

KQ-1-04 267.6 247.4 08/04/04 250.85 

   08/31/04 251.0 

KR-1-04 279.7 260.5 08/04/04 263.25 

   08/31/04 262.85 

KS-1-04 n/a (26.0 bgs)3 08/04/04 (25.1 bgs)3

   08/31/04 (25.35 bgs)3

KT-1-04 260.5 251.9 08/04/04 252.8 

   08/31/04 253.0 

KU-1-04 205.3 182.7 08/04/04 196.25 

   08/31/04 196.15 

KW-2-04 133.3 121.3  -- 

KX-10-04 198.0 186.5  -- 

KX-3-04 166.8 157.8  -- 

KX-4-04 202.9 187.9  -- 

KX-9-04 185.2 “Dry hole”  -- 

Notes: 
1The groundwater levels observed during drilling were measured in the drill casing prior to removal.  This 
water level may not truly represent actual groundwater elevation. 
2The water level measured in a piezometer is representative of a static groundwater condition. 
3bgs = below ground surface 
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4.0  EXISTING STRUCTURES (AS-BUILT CONDITIONS) ALONG ALIGNMENT 

As part of our services, we completed a detailed review of the available as-built plans for major structures 
and facilities along the alignment.  The structures and facilities included in our review consisted of 
bridges, retaining walls, sound walls and stormwater facilities.  Our review consisted of documenting the 
structure type and location, pertinent design and construction information (i.e. allowable bearing pressure 
and footing elevation for shallow foundations), and summarizing representative exploration logs and 
subsurface conditions.  Summary sheets for each of the major existing structures and facilities are 
presented in Appendix B. 

5.0  PRELIMINARY GEOTECHNICAL RECOMMENDATIONS AND CONSIDERATIONS 

5.1  EARTHQUAKE ENGINEERING 
5.1.1  Design Earthquake Parameters 

The seismic design of the Stage 1 Kirkland Segment bridges can be completed using the design criteria 
presented in the Request for Proposal (RFP) for this project.  The design criteria in the RFP references the 
1996 USGS National Seismic Hazards Mapping project for determining a peak ground (bedrock) 
acceleration coefficient for design.  A peak ground acceleration of 0.31 is provided in the 1996 USGS 
mapping project.  The acceleration coefficient is based on the expected ground motion at the project site 
that has a 10 percent probability of exceedence in a 50-year period (475-year return period).  The design 
response spectra presented in the design criteria in the RFP are considered appropriate for seismic design 
of this project.  A Type II Soil Profile response spectrum with a Site Coefficient of 1.2 should be used for 
seismic design of the Stage 1 improvements.  

5.1.2  Liquefaction Potential 

Liquefaction is a phenomenon where soils experience a rapid loss of internal strength as a consequence of 
strong ground shaking.  Ground settlement, lateral spreading and/or sand boils may result from 
liquefaction.  Structures supported on liquefied soils could suffer foundation settlement or lateral 
movement that could be severely damaging to the structures. 

Conditions favorable to liquefaction occur in loose to medium dense, clean to moderately silty sand that is 
below the groundwater level.  Based on our evaluation of the subsurface conditions at the site, we 
conclude that the medium dense to very dense soils located within the project corridor have a low 
potential for liquefaction during a design earthquake event. 

5.1.3  Lateral Spreading 

Lateral spreading involves lateral displacements of large volumes of liquefied soil during an earthquake.  
Lateral spreading can occur on near-level ground as blocks of surface soils displace relative to adjacent 
blocks.  Lateral spreading also occurs as blocks of surface soils are displaced toward a nearby slope (free 
face) by movement of the underlying liquefied soil.  Due to the low likelihood of liquefaction within the 
project corridor, we do not anticipate the initiation of lateral spreading during a design earthquake event. 

5.1.4  Ground Rupture 

Because of the thickness of the non-glacially and glacially consolidated soils below the site and the 
estimated distance to the closest known fault (in excess of 3 miles), it is our opinion that the potential for 
surface fault rupture along the alignment is remote. 
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5.1.5  Landsliding 

Based on our geologic reconnaissance, there does not appear to be large-scale active landsliding along the 
Stage 1 alignment.  Thus, earthquake shaking will have a low likelihood of initiating large-scale 
landsliding, in our opinion.   

As with all slopes in western Washington, shallow surficial sliding is possible, particularly when the 
ground is saturated.  Surficial slides typically occur in the upper 2 to 5 feet of soil and movement occurs 
episodically, generally in response to heavy rainfall.  Earthquake shaking would tend to increase the size 
of the surficial slide area as well as the frequency of movement. 

Steep slopes were observed in the vicinity of Forbes Creek, between approximate milepost 19.1 to 19.6.  
The steep slopes range up to about 1H:1V (horizontal to vertical).  The majority of the slopes are 
vegetated with brush and trees, however, some unvegetated areas were observed along the steep slopes.  
These slopes are prone to erosion and surficial landsliding.   

While not part of Stage 1, the landslide area north of milepost 22.7, as described in Section 2.3.2, is also 
prone to landsliding during earthquake shaking. 

5.2  BRIDGE FOUNDATION RECOMMENDATIONS 
5.2.1  General 

We understand that the existing 116th Street bridges (Bridge 405/55E and Bridge 405/55W) will be 
replaced as part of the current project.  The existing bridges are three span structures supported on two 
abutment piers and two interior piers.  Details regarding as-built foundations and subsurface conditions 
are presented in Appendix B.  The southern most pier of each bridge (Pier 1) is supported on a pile 
foundation system because of the presence of loose embankment approach fill and a 2- to 4-foot-thick 
layer of organic soils below the fill.  The remaining piers for both existing bridges are supported on 
shallow foundations. 

The replacement bridges will be located essentially in the same locations as the existing bridges, between 
approximately stations NB Line 4217+00 to 4218+50.  The bridges will be approximately 150 feet long 
and 80 feet wide.  Each of the bridge designs includes five lanes of traffic with 10-foot wide shoulders on 
either side of the traffic lanes.  Retaining walls with heights on the order of 16 feet may be constructed at 
the abutments to retain approach fills. 

Cross sections of the proposed east and west replacement bridges are shown in Figures 5 and 6.  
Subsurface information obtained from borings completed in the vicinity of the proposed bridges is also 
presented on the cross sections.   

Based on the subsurface conditions, it is our opinion that the replacement bridges can be designed using 
either shallow or deep foundations.  Preliminary design criteria for shallow and deep foundations is 
presented below. 

5.2.2  Shallow Foundation Design Criteria  

Shallow foundations should be designed in accordance with the design criteria presented in the RFP.  
These criteria include acceptance requirements for bearing capacity, sliding, and overturning.   
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Primary and secondary settlement of shallow foundations must not exceed the tolerance of the bridge 
structure, which generally will be less than 1 inch total.  This is of particular importance for the abutment 
piers of the replacement 116th Street bridges because of the presence of loose fill and soft organic soils at 
depth.  Support of shallow foundations on fill material above this soft silt layer will need to address 
potential settlement of this layer. 

Allowable bearing capacities used for design of the existing bridges varied from 6 to 16 ksf, depending on 
the soil conditions at the foundation level.  See the bridge summary sheet in Appendix B for additional 
information regarding the as-built conditions for the bridges. 

5.2.3  Pile Foundation Design Criteria 

Pile capacity and settlement should be evaluated using the design criteria presented in the RFP.  It should 
be specifically understood that WSDOT does not allow or approve the use of augercast piles.  Cast-in-
place concrete piles may be used provided they are installed within a casing driven to the appropriate 
acceptance criteria.  However, it should be noted that 55-ton (110 kip) HP piles were driven for Pier 1 of 
the existing 116th Street bridge, most likely because of difficult driving conditions in glacially deposited 
soils at depth.  At least one test pile should be specified for each bridge pier location where piles are used 
for foundation support.   

Lateral load resistance for pile foundations should also be evaluated using the design criteria presented in 
the RFP.  Standard foundation stiffness charts, which are referenced in the RFP design criteria, can be 
used for this purpose.  The standard foundation stiffness charts are for selected combinations of seven 
standard soil profiles and six typical foundation types for three levels of shaking.  Evaluation of the site 
conditions indicates that standard soil profiles can be used at some of the existing 116th Street bridge 
piers.  These are: Soil Profile S1 for Piers 2 and 3 and Soil Profile S4 for Pier 4.  The following table 
presents a description of the soil profiles presented in the referenced design criteria. 

Standard Soil Profiles 

Soil Profile Brief Description 
S1 30 feet of dense glacial till consisting of silty sand with gravel overlying very dense glacial 

tills (groundwater table at 10 feet). 

S2 30 feet of very soft organic silts overlying dense to very dense silty, gravelly sand 
(groundwater table at surface). 

S3 30 feet of medium stiff to very stiff alluvial fills/clays overlying dense to very dense glacial 
deposits (groundwater table at 5 feet). 

S4 30 feet of medium dense to dense alluvial fills/sands overlying dense to very dense glacial 
deposits (groundwater table at 10 feet). 

S5 10 feet of loose sands overlying 50 feet of soft organic silt underlain by dense sand  
(groundwater table at surface) 

S6 70 feet of medium stiff clays overlying dense to very dense glacial deposits (groundwater 
table at 10 feet). 

S7 10 feet of medium dense sand overlying 40 feet of loose, liquefiable sands underlain by 
dense to very dense glacial deposits (groundwater table at 10 feet). 

 
The soil conditions at Pier 1 of the existing 116th Street bridges cannot be readily correlated to a standard 
soil profile, and as such, will require more detailed analyses.  The lateral loading effects of pile groups 
should also be included in the analyses. 
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5.2.4  Drilled Shaft Design Criteria 

Drilled shaft capacity and settlement should be evaluated using the design criteria presented in the RFP. 

Lateral load resistance for drilled shaft foundations should also be evaluated using the design criteria 
presented in the RFP.  Standard foundation stiffness charts, which are referenced in the RFP design 
criteria, can be used for this purpose.  The standard foundation stiffness charts are for selected 
combinations of seven standard soil profiles and six typical foundation types for three levels of shaking.  
Evaluation of the site conditions indicates that standard soil profiles can be used at some of the existing 
116th Street bridge piers.  These are: Soil Profile S1 for Piers 2 and 3 and Soil Profile S4 for Pier 4.  See 
the table in Section 5.2.3 of this report for a description of the soil profiles.   

The soil conditions at Pier 1 of the existing 116th Street bridges cannot be readily correlated to a standard 
soil profile, and as such, will likely require more detailed analyses.  The lateral loading effects of shaft 
groups should also be included in the analyses. 

5.2.5  Bridge Approach Slabs 

Approach slabs will be necessary for this project, as referenced in the RFP. 

5.3  WALL RECOMMENDATIONS 
5.3.1  General 

Current plans call for construction of five retaining walls and three noise walls.  Additionally, bridge 
structure abutment walls will also be constructed for the replacement bridges at 116th Street.  The 
locations of the retaining walls (excluding the bridge structure abutment walls) and noise walls are 
presented in the following table and are shown graphically on the Site Plans, Figures 3A through 3N.  

Wall Type/Number Location Begin Station End Station 

Retaining Walls    
3005 NB NE 85th Street On Ramp 4145+68 NB 4154+08 NB 

3010 SB NE 116th Street On Ramp 332+62 SB 345+16 SB 

3020 NB NE 116th Street Off Ramp 136+44 NB 147+55 NB 

3030 NB Infield at NE 116th Street 4214+60 NB 4216+89 NB 

3040 SB Infield at NE 116th Street 4210+99 SB 4217+09 SB 

Noise Walls    
U4 SB NE 85th Street Off Ramp 4143+12 SB 4147+01 SB 

R2 NB NE 85th Street Off Ramp 4144+58 NB 4155+55 NB 

N3 SB NE 85th Street to NE 100th Street 4155+85 SB 4165+08 SB 

 
Numerous existing retaining walls and noise walls are present along the Stage 1 alignment.  These 
existing walls are also shown on the Site Plans, Figures 3A and 3N.  Details regarding the wall type, 
foundation conditions, design criteria and subsurface conditions are presented in Appendix B. 

5.3.2  Design Considerations 

Wall design guidelines are dependant on the relative location of the wall to bridge structures.  Criteria 
and guidelines for design of the various retaining walls and noise walls for the project are presented in 
the RFP.   
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In all cases, adequate drainage should be installed behind retaining walls to prevent the build-up of 
hydrostatic pressures. 

Specific design considerations for the walls required for this project are presented below. 

5.3.3  Bridge Structure Abutment Walls 

Bridge structure abutment walls are required at the 116th Street replacement bridges.  Cantilever cast-in-
place concrete walls or mechanically stabilized earth (MSE) walls are possible provided requirements for 
wall settlement and stability are satisfied.  The design should take into account sloping conditions in front 
of and behind the wall, as well as traffic surcharge loading, as appropriate. 

Full-height or stub abutment walls founded on shallow foundations may also be considered for support of 
bridge foundations.  If stub abutment walls are chosen, the design of shallow foundations placed within 
the embankment fill should take into account settlement and bearing capacity on or near a slope.      

The presence of the soft organic silt layer noted in the boring at pier 1 of the existing 116th Street bridges 
should be considered in the design of the bridge structure abutment walls.  

5.3.4  Retaining Walls 

5.3.4.1  Retaining Wall 3005–Station 4145+68 to 4154 +08 NB–NE 85th Street On Ramp 
Retaining Wall 3005 will be constructed to retain the fill embankment placed as part of the lane addition.  
The wall will either be installed adjacent to Noise Wall U4 or integral with Noise Wall U4 (combination 
retaining wall/noise wall).  Five explorations were completed in the vicinity of this retaining wall 
including KR-1-04 (Current), KX-4-04 (Current), TP-7 (L-0889), TP-8 (L-0889), and BRZ-7 (L-0889).   

In general, the subsurface soil conditions described on the logs consist of up to 5 feet of fill consisting of 
silty sand with varying amounts of organics.  The fill, where present, is underlain by medium dense to 
dense sand or gravel with variable silt.  The sand and gravel grades to very dense at depths of 1 to 10 feet 
below the surface.  Groundwater was observed in borings KR-1-04 and KX-4-04 during drilling at about 
19 and 15 feet below the surface, respectively (this groundwater level was measured in the drill casing 
prior to removal and may not truly represent actual groundwater elevation).  Slow groundwater seepage 
was observed in TP-7 about 9 feet below the surface.  Groundwater was not observed in boring BRZ-7 or 
test pit TP-8, both of which were completed about 8 feet below the surface. 

The geologic maps indicate that the near surface soils consist of advance outwash.  In general, the very 
dense soil conditions near the surface and below the fill are characteristic of advance outwash.  

Feasible wall types for consideration include “Standard Plan” walls or pre-approved proprietary MSE 
walls.  Other wall types may also be considered, as discussed in the RFP. 

5.3.4.2  Retaining Wall 3010–Station 332+62 to 345+16 SB–NE 116th Street On Ramp 
Retaining Wall 3010 will be constructed along the southbound onramp from 116th Street to Interstate 405.  
The wall will retain fill placed as part of the widening project.  At the time this report was prepared it was 
uncertain whether this wall would be constructed as part of Stage 1 Kirkland Segment, or later as part of 
Stage 2.  The closest borings to the wall alignment are KJ-1-04 (Current), KW-2-04 (Current), B-77 
(PSH-1-RE), and B-145 (PSH-1-RE).  Borings KJ-1-04 and KW-2-04 were completed on the east side of 
Interstate 405 about 320 feet east of the proposed retaining wall alignment.  Borings B-77 and B-145 were 
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completed for the NE 116th Street bridge and are located about 420 and 380 feet northeast of the north end 
of the retaining wall alignment, respectively.  

The soil conditions described on the logs are variable.  The near surface soil conditions in boring B-145 
and KW-2-04 consist of up to 17 feet of loose to medium dense silty sand with gravel characterized as fill 
in boring B-145.  The soils below the fill in boring KW-2-04 and B-145 consist of soft to hard silt and 
clay and medium dense silty sand.  Very dense silty sand with gravel was observed at about 5 feet below 
the surface in borings KJ-1-04 and B-77 (designated as glacial till on the boring log of B-77).  
Groundwater was not noted on the log for boring B-145.  Groundwater in the remaining borings was 
observed at depths ranging from about 1 to 14½ feet below the surface.  The groundwater level in 
KW-2-04 may not reflect actual groundwater level as the level was measured in the drill casing prior 
to removal. 

The geologic maps indicate that the near surface soils consist of glacial till.  In general, the very dense 
soil conditions near the surface in borings B-77 and KJ-1-04 are characteristic of glacial till.  The near 
surface soils in borings KW-2-04 and B-145 are characteristic of fill or recessional outwash. 

Feasible wall types for consideration include “Standard Plan” walls or pre-approved proprietary MSE 
walls.  Other wall types may also be considered, as discussed in the RFP.  The design of the wall may 
need to take into account the presence of loose to medium dense soil, as encountered in the nearby 
explorations. 

5.3.4.3  Retaining Wall 3020–Station 136+44 to 147+55 NB–NE 116th Street Off Ramp 
Retaining Wall 3020 will be constructed along the east right-of-way of Interstate 405 and will support 
fill at the southern end of the wall and retain a cut at the northern end of the wall.  The subsurface soil 
conditions near the wall alignment are characterized by the borings KJ-1-04 and KW-2-04, which were 
completed for the current study.  The soil conditions are variable between the two borings.  In boring 
KJ-1-04, the subsurface soils consist of 33 feet of medium dense to very dense silty sand with gravel 
overlying hard silty clay.  In boring KW-2-04, the subsurface soils consist of 8 feet of loose silty sand 
with gravel, 10 feet of loose to medium dense sand with gravel, 9 feet of hard sandy clay, 12 feet of 
medium dense silty sand, and 3 feet of silt with sand.  Ground water was measured at a depth of 14.5 feet 
in KJ-1-04 and a depth of 12 feet in KW-2-04.  The groundwater level in KW-2-04 may not reflect actual 
groundwater level as the level was measured in the drill casing prior to removal. 

The geologic maps indicate that the near surface soils consist of glacial till.  The very dense soil 
conditions in boring KJ-1-04 are characteristic of glacial till; however, the loose to medium dense soil 
conditions in boring KW-2-04 are characteristic of fill or recessional outwash.  

Feasible wall types in fill areas (southern end of the wall) include “Standard Plan” walls or pre-approved 
proprietary MSE walls.  Soldier pile walls, as discussed below, may also be considered; however, the cost 
of soldier pile walls is typically much higher.  Other wall types may also be considered, as discussed in 
the RFP.  The design of the wall may need to take into account the presence of loose to medium dense 
soil, as encountered in the nearby explorations. 

The northern end of the wall will have a maximum wall height of about 12 feet and will support a cut 
along the WSDOT right-of-way.  These constraints limit the appropriate wall types for this wall.  The 
most likely wall option is a cantilever soldier pile wall because the wall will be situated fully within the 
right-of-way and temporary construction easements will not be required.  Additionally, lagging can be 
installed immediately after excavation to reduce the risk of caving of the loose soils encountered in boring 
KJ-1-04.  Cantilever soldier pile walls are typically feasible for wall height less than about 15 feet.  Other 
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wall alternatives that may be considered include a “Standard Plan” conventional cast-in-place wall, a 
tieback soldier pile wall, or a soil nail wall.  For each of these wall alternatives, construction easements 
will be required, either to excavate and install the foundation for a “Standard Plan” wall or to install 
ground anchors for the tieback soldier pile wall or soil nail wall.  Additionally, permanent easements will 
be required if the foundation or ground anchors are needed for wall stability on a permanent basis. 

Typical anchor design values for design of retaining walls supporting cuts are presented below.  The 
design values take into account the variability in soil conditions encountered in the borings: 

• Ultimate anchor load transfer of 3 to 10 kips per foot.  Typical allowable anchor load transfer 
values for competent fill and recessional outwash are 1.5 to 2 kips per foot and for glacial till and 
advance outwash are 3 to 5 kips per foot.    

• An allowable anchor load transfer value of 1.5 kips per foot was used for design of the soil nail 
wall anchors to be installed in existing abutment fills for the Totem Lake/NE 128th Street HOV 
Direct Access project (WSDOT, 2004).  These soil nail walls have not been constructed as of the 
writing of this report.   

• It should be noted that the anchor load transfer value is highly dependant on installation 
techniques.  Lower values are typical of gravity feed grouting (i.e. soil nails).  Significantly 
higher values can be achieved using pressure injection grouting or secondary grouting (i.e. 
tiebacks). 

 
5.3.4.4  Retaining Wall 3030–Station 4212+60 to 4216+89 NB–Infield at NE 116th Street 
Retaining wall 3030 will be constructed in the infield along the northbound off ramp of Interstate 405 at 
NE 116th Street.  This wall will likely retain fill for the majority of the alignment.  Boring KW-2-04 was 
completed in the vicinity of the proposed retaining wall.  Boring B-80 (PSH-1-RE) was completed about 
140 feet northwest of the north end of the propose wall. 

In boring KW-2-04, the subsurface soils consist of 8 feet of loose silty sand with gravel, 10 feet of loose 
to medium dense sand with gravel, 9 feet of hard sandy clay, 12 feet of medium dense silty sand, and 
3 feet of silt with sand.  The subsurface soils in boring B-80 consist of about 2 feet of loose clayey sand 
underlain by hard sandy silt.  Ground water was observed at a depth of 12 feet below the surface in boring 
KW-2-04.  The groundwater level in KW-2-04 may not reflect actual groundwater level as the level was 
measured in the drill casing prior to removal.  The groundwater level in boring B-80 was not noted on 
the log. 

The geologic maps indicate that the near surface soils consist of glacial till.  The very dense soil 
conditions in boring B-80 are characteristic of glacial till; however, the loose to medium dense soil 
conditions in boring KW-2-04 are characteristic of fill or recessional outwash. 

Feasible wall types for consideration include “Standard Plan” walls or pre-approved proprietary MSE 
walls.  Other wall types may also be considered, as discussed in the RFP.  The design of the wall may 
need to take into account the presence of loose to medium dense soil, as encountered in the nearby 
explorations. 

5.3.4.5  Retaining Wall 3040–Station 4210+99 to 4217+09–SB Infield at NE 116th Street 
Retaining Wall 3040 will be constructed in the infield along the southbound onramp to Interstate 405 at 
NE 116th Street.  This wall will likely retain fill for the majority of the alignment.  The closest borings to 
the wall alignment are KW-2-04 (Current), B-77 (PSH-1-RE), and B-145 (PSH-1-RE).  Boring KW-2-04 
was completed on the east side of Interstate 405 about 245 feet east of the proposed retaining wall 
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alignment.  Borings B-77 and B-145 were completed for the NE 116th Street bridge and are located about 
100 feet east and northeast of the north end of the retaining wall alignment, respectively.  

The soil conditions described on the logs are variable.  The near surface soil conditions in boring B-145 
and KW-2-04 consist of up to 17 feet of loose to medium dense silty sand with gravel, characterized as 
fill in boring B-145.  The soils below the fill in boring KW-2-04 and B-145 consist of soft to hard silt and 
clay and medium dense silty sand.  Very dense silty sand with gravel, designated as glacial till, was 
observed at about 5 feet below the surface in boring B-77.  Groundwater in borings B-77 and KW-2-04 
was observed at depths of 1 to 12 feet below the surface, respectively.  Ground water was observed at a 
depth of 12 feet below the surface in boring KW-2-04.  The groundwater level in KW-2-04 may not 
reflect actual groundwater level as the level was measured in the drill casing prior to removal.  
Groundwater was not noted on the log for boring B-145. 

The geologic maps indicate that the near surface soils consist of glacial till.  In general, the very dense 
soil conditions near the surface in borings B-77 are characteristic of glacial till.  The near surface soils in 
borings KW-2-04 and B-145 are characteristic of fill or recessional outwash. 

Feasible wall types for consideration include “Standard Plan” walls or pre-approved proprietary MSE 
walls.  Other wall types may also be considered, as discussed in the RFP.  The design of the wall may 
need to take into account the presence of loose to medium dense soil, as encountered in the nearby 
explorations. 

5.3.5  Noise Walls 

5.3.5.1  Noise Wall U4–Station 4143+12 to 4147+01–SB 85th Off Ramp 
Noise Wall U4 will be a replacement wall installed to replace a portion of existing Noise Wall 6 (see 
Appendix B and Section 5.3.6.4 for information regarding design of the existing noise walls).  There are 
two explorations that were completed in the vicinity of this portion of the noise wall, including KX-10-04 
(Current) and BRZ-6 (L-0889).   

In general, the subsurface soil conditions described on the logs consist of dense to very dense silty sand 
with gravel.  Groundwater was observed in boring KX-10-04 about 11½ feet below the surface.  The 
groundwater level in KX-10-04 may not reflect actual groundwater level as the level was measured in the 
drill casing prior to removal.  Groundwater was not observed in boring BRZ-6 or KX-9. 

The geologic maps indicate that the near surface soils consist of advance outwash.  The very dense soil 
conditions in borings BRZ-6 are designated as glacial till on the boring logs.  Boring BRZ-6 was 
completed near the contact of glacial till and advance outwash shown of the geologic maps.  The dense 
soil conditions observed in boring KX-10-04 are consistent with advance outwash or glacial till. 

5.3.5.2  Noise Wall R2–Station 4144+58 to 4155+55 NB–85th Street On Ramp 
We understand Noise Wall R2 will replace a portion of existing Noise Wall 7 and will be moved to the 
east of the existing Noise Wall 7 alignment.  There are four explorations that were completed in the 
vicinity of this portion of the noise wall including KX-4-04 (Current), TP-7 (L-0889), TP-8 (L-0889), and 
BRZ-7 (L-0889).   

In general, the subsurface soil conditions described on the logs consist of up to 5 feet of fill consisting of 
silty sand with varying amounts of organics.  The fill, where present, is underlain by medium dense to 
dense sand or gravel with variable silt.  The sand and gravel grades to very dense at depths of 1 to 10 feet 
below the surface.  Groundwater was observed in boring KX-4 about 15 feet below the surface (may not 
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reflect actual groundwater level as the level was measured in the drill casing prior to removal).  Slow 
groundwater seepage was observed in TP-7 about 9 feet below the surface.  Groundwater was not 
observed in boring BRZ-7 or test pit TP-8, both of which were completed about 8 feet below the surface. 

The geologic maps indicate that the near surface soils consist of advance outwash.  In general, the very 
dense soil conditions near the surface and below the fill are characteristic of advance outwash.  

It should be noted that soft subgrade soils and/or unsuitable soils are likely to be encountered during 
construction along NB 405 Line – Approximate STA 4144 to STA 4146 (70’-80’ RT) due to the presence 
of an existing mapped wetland.  The noise wall design should identify the possible presence of 
soft/unsuitable soils and foundation support options should be developed to take into account the presence 
of these soils, if necessary. 

5.3.5.3  Noise Wall N3–Station 4155+85 to 4165+08 SB–NE 85th Street to NE 100th Street 
Noise Wall N3 will be a new wall constructed north of existing Noise Wall 8.  The south end of Noise 
Wall N3 will abut with the north end of existing Noise Wall 8.  There are two explorations, BRZ-33 
(L-0889) and BH-1 (9807), that were completed near the north and south ends of the proposed noise wall 
respectively.   

In general, the subsurface soil conditions described on the logs indicate up to 7 feet of loose to medium 
dense fill consisting of sand with variable silt and gravel.  The fill is underlain by dense to very dense 
sand with silt designated advance outwash on the log of boring BH-1.  Groundwater was observed in 
boring BRZ-33 about 16 feet below the surface and about 20 feet below the surface in boring BH-1. 

The geologic maps indicate that the near surface soils consist of advance outwash.  The very dense soil 
conditions observed below the fill are characteristic of advance outwash.   

5.3.5.4  Noise Wall Design Considerations 
As summarized in Appendix B, the existing noise walls along the Stage 1 alignment consist of either cast-
in-place structures supported on 21-foot-long drilled shafts or pre-cast concrete panels installed in a lean 
concrete filled trench with an embedment depth of 5 to 9 feet.  Cast-in-place noise walls were typically 
used in areas where fill was placed while pre-cast panels were typically used in cut areas.  The 
foundations were designed using the spiral log method assuming an internal soil friction angle of 
32 degrees and a soil unit weight of 120 pcf (pounds per cubic foot).  The design method is referenced on 
the “As-Built” plan sheets fore each noise wall, provided in Appendix B. 

The design of the existing noise walls was completed prior to development of WSDOT “Standard Plans” 
for foundations for noise walls.  It appears that for the cast-in-place noise walls, the worst case soil and 
ground surface configuration conditions for this type of noise wall and foundation support were used in 
design of all similar noise walls along the Interstate 405 Kirkland Segment.  Using the current “Standard 
Plans,” the shaft embedment depth would be significantly less than the existing drilled shaft depth.    

“Standard Plan” walls may be considered for design of the new noise walls.  Depending on the final 
ground surface configuration, “Standard Plans” may not be allowed and a special design may be required.  
Special designs are typically used when there is sloping ground adjacent to the wall.  Special designs may 
also be required for other reasons, such as wind speed and type of exposure.  If special designs are 
required, the foundation design should be completed using the guidelines presented in the RFP.    
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5.4  STORMWATER FACILITY RECOMMENDATIONS 

5.4.1  General 

Current plans call for construction of three stormwater detention facilities and five ecology embankments.  
The locations of these facilities are presented in the following table and are shown graphically on the Site 
Plans, Figures 3A through 3N.  

Detention Facilities Milepost Station 
B4 Pond 18.22 4132+00 NB 

C Pond 19.10 4179+00 SB 

C Vault 19.35 to 19.50 4192+50 SB 4200+00 SB 

Ecology Embankments    
B4.1 18.16 – 18.25 4129+50 NB 4134+50 NB 

B4.2 18.34 – 18.58 4139+00 NB 4151+00 NB 

C1.1 18.58 – 19.36 4151+50 SB 4192+50 SB 

C1.2 19.10 – 19.60 4179+00 NB 4205+00 NB 

D1.1 19.85 – 19.95 4219+00 SB 4224+00 SB 

 
5.4.2  Detention Ponds 

5.4.2.1  B4 Pond–Station 4132+00 NB 
Explorations completed in the vicinity of the planned B4 Pond include: KQ-1-04 (Current), B-60 
(PSH-1-RE), BRZ-49 (L-0889) and BRZ-50 (L-0889).  Boring KQ-1-04 was completed in the vicinity of 
the proposed pond.  Boring B-60 was completed approximately 400 feet south of the proposed pond.  The 
other two borings were completed in the median of Interstate 405 approximately 200 feet southwest and 
250 feet northwest of the proposed pond. 

The log of boring KQ-1-04 indicates the presence of 19½ feet of loose to dense sand with variable silt 
content underlain by very dense silty sand with gravel.  The exploration logs for the borings completed in 
the median of Interstate 405 indicate the presence of 10 to 24 feet of fill typically consisting of sand with 
variable silt and gravel.  Boring BRZ-49 terminates in the fill at a depth of 24 feet.  The log for boring 
B-60 indicates the presence of approximately 3 to 4 feet of soft sandy silt near the surface.  The silt and 
fill in borings B-60 and BRZ-50 are underlain by dense to very dense silty sand with gravel (described as 
glacial till on one log). 

Based on the geologic maps, advance outwash is likely to be present at the location of the pond.  
However, the pond bottom will likely be located in embankment fill placed for the NE 85th Street 
Interchange.   

5.4.2.2  C Pond–Station 4179+00 SB 
Explorations completed in the vicinity of the planned C Pond include: BRZ-26 (L-0889) and BRZ-13 
(L-0889).  The borings are located within about 50 feet of the planned C Pond location. 

The exploration log for boring BRZ-26 indicates the presence of up to 5 feet of fill consisting of sand 
with silt and gravel.  The fill is underlain by silt.  The log for boring B-13 indicates that the near surface 
soils consist of silty sand, most likely native. 
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The borings (BRZ-26 and BRZ-13) were completed in areas mapped as glacial till, which is consistent 
with the soil descriptions on the logs.  Based on the geologic maps, the location of the pond is near the 
contact between advance outwash and glacial till.   

5.4.2.3  Design Considerations  
The design of the stormwater detention ponds and constructed wetlands should be completed in 
accordance with guidelines presented in the RFP.   

The RFP design guidelines provide recommendations for embankment side slopes, which preferably are 
not to exceed a slope of 3H:1V.  As currently envisioned, the ponds are designed with side slopes of 
3H:1V.  The guidelines also provide two methods for infiltration design, if applicable: 1) a detailed 
analysis which considers the site specific hydraulic gradient for the site and 2) a simplified method which 
considers the estimated infiltration rate of the site soils.  The site specific hydraulic gradient in the 
detailed analysis is estimated using an empirical equation based on several ASTM gradation properties of 
the soil.  For critical designs, in-situ hydraulic gradient values can be obtained through field tests such as 
packer permeability tests, piezocones, or through the use of a pilot infiltration test (PIT).  The infiltration 
rate using the simplified method is estimated using the ASTM D10 gradation value (particle size for which 
10 percent of the sample is finer).  

Using the simplified method and gradation results from laboratory tests on soil samples from the borings, 
the estimated long-term infiltration rate of the soils generally cannot be evaluated because the soils 
contain greater than 10 percent fines (silt and clay).  For soils with greater than 10 percent fines, the long-
term infiltration rate is less than 1 inch per hour.  Additional laboratory testing, including hydrometer 
analyses, would be required to define the long-term infiltration rate using the ASTM D10 gradation 
methods, as the soils contain more than 10 percent fines (silt and clay).    

An exception is one soil sample from boring KQ-1-04, located in the planned B4 Pond location.  The soil 
sample consists of fill material that has a D10 of slightly greater than 0.1 millimeters.  At this soil sample 
location, the estimated long-term infiltration rate is estimated to be about 2.0 inches per hour.   

It should be noted that B4 Pond is located in an embankment.  Infiltration of stormwater may cause 
saturation of the fill soils, leading to slope instability.  The stability of the embankment, as described in 
Section 5.6 of this report, should be evaluated as part of the design of the pond. 

5.4.3  Detention Vault – Station 4192+50 To 4200+00 SB 

Boring KJ-1 (Current) was completed near the planned detention vault.  The subsurface conditions 
observed in boring KJ-1 consist of 18 feet of very dense silty sand with gravel.  A layer of medium dense 
to dense silty sand with larger gravels was observed between about 18 feet and 25 feet below the surface.  
Very dense silty sand with gravel extends down to about 34 feet below the surface.  The silty sand is 
underlain by hard sandy clay.  Groundwater was observed about 14½ feet below the surface at the time of 
drilling. 

We anticipate that the most cost-effective design for the detention vault will be either a pre-cast or cast-
in-place concrete structure supported on shallow foundations.  The structure should be designed using the 
guidelines presented in the RFP.   

The detention vault will be located near a topographic depression and long-term hydrostatic forces may 
be present if adequate drainage is not provided.  If drainage is not included in the design, the vault walls 
should be designed for full hydrostatic pressures.  Additionally, the vault and structural design of the floor 
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slab should be designed for buoyancy and uplift.  A minimum factor of safety of 1.5 should be used for 
buoyancy and uplift design.  

Soft subgrade soils and/or unsuitable soils are likely to be encountered during construction along SB 405 
Line – Approximate STA 4198+00 to STA 4204+00 (100’-180’ LT).  The detention vault design should 
identify the presence of soft/unsuitable soils and foundation support options should be developed to take 
into account the presence of these soils, if present. 

5.4.4  Ecology Embankments 

5.4.4.1  General 
Five ecology embankments are planned along the Stage 1 project alignment.  The ecology embankments 
are essentially long, narrow, stone-filled trenches used for the collection, temporary storage, and 
infiltration of stormwater runoff.  They may also be designed for runoff treatment.  

Four of the ecology ditches/embankments are located along the east and west sides of Interstate 405 
between NE 85th Street and NE 116th Street.  The fifth ecology ditch/embankment is located on the west 
side of Interstate 405 between NE 116th Street and the BNRR Overcrossing.  The facility number and 
locations of the ecology embankments are presented in the table in Section 5.4.1 of this report and are 
shown on the Site Plans, Figures 3A through 3N. 

5.4.4.2  Ecology Embankment B4.1–Station 4129+50 to 4134+50 NB 
Explorations completed along Interstate 405 in the vicinity of the proposed ecology embankment include: 
B-60 (PSH-1-RE), BRZ-49 (L-0889) and BRZ-50 (L-0889).  B-60 was completed on the east side of 
Interstate 405 near the south end of the proposed embankments.  The other two borings were completed in 
the median of Interstate 405 approximately 110 feet west of the proposed embankment alignment. 

The exploration logs indicate the presence of 10 to 24 feet of fill in the median of Interstate 405 typically 
consisting of sand with variable silt and gravel.  Boring BRZ-49 terminates in the fill at a depth of 24 feet.  
The log for boring B-60 indicates the presence of approximately 3 to 4 feet of soft sandy silt near the 
surface.  The silt and fill in borings B-60 and BRZ-50 are underlain by dense to very dense silty sand with 
gravel (described as glacial till on one log). 

Based on the geologic maps, advance outwash is mapped along the ecology embankment alignment.  
However, the ecology embankment, particularly the southern end, will likely be located in embankment 
fill placed for the NE 85th Street Interchange.   

5.4.4.3  Ecology Embankment B4.2–Station 4139+00 to 4151+00 NB 
Explorations completed along the east side of Interstate 405 for ecology embankment B4.2 include: 
KX-9-04 (Current), TP-7 (L-0889) and BRZ-7 (L-0889). 

The exploration logs indicate the presence of up to 5 feet of fill typically consisting of silty sand with 
gravel.  The fill observed in the borings is underlain by sand with some gravel in test pit TP-7 and by silty 
sand with gravel in boring BRZ-7.  In boring KX-9-04, where fill is not noted on the log, the near-surface 
soils generally consist of silty sand with gravel.   

Based on the geologic maps, advance outwash is likely to be present along the length of ecology 
embankment B4.2.  Borings TP-7 and BRZ-7 were completed in the area mapped as advance outwash; 
however, fill is present at the surface these two borings.  The soil below the fill in test pit TP-7 is 
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generally consistent with advance outwash; although, no geologic description is included on the log.  
However, the soil near the surface or below the fill described on the logs for borings BRZ-7 and KX-9-04 
is consistent with glacial till and is described as such on one of the logs. 

5.4.4.4  Ecology Embankment C1.1–Station 4151+50 to 4192+50 SB 
Explorations completed along the west side of Interstate 405 near ecology embankment C1.1 include: 
BRZ-33 (L-0889), BH-2 (9807), BRZ-17 (L-0889), BRZ-13 (L-0889), TP-13 (L-0889), and KI-1-04 
(Current). 

The exploration logs indicate the presence of up to 10 feet of fill typically consisting of silty sand with 
gravel.  In areas where fill is not noted on the logs, the near-surface soils generally consist of silty sand 
with gravel (described as advance outwash and glacial till on the logs). 

Based on the geologic maps, advance outwash is likely to be present from Station 4151+00 to 
SB 4179+00, and glacial till is likely to be present from about 4179+00 to 4192+50.  Borings BRZ-33, 
BH-2 and BRZ-17 were completed in the area mapped as advance outwash; however, fill is present at the 
surface in two of these borings.  The remainder of the borings were completed in areas mapped as glacial 
till, which is consistent with the soils described on the boring logs. 

5.4.4.5  Ecology Embankment C1.2–Station 4179+00 to 4205+00 SB 
Explorations completed in the vicinity of the ecology embankment C1.2 along the east side of 
Interstate 405 include: KX-3-04 (Current) and KJ-1-04 (Current). 

In general, the near surface soil conditions presented on the log of boring KX-3-04 completed near the 
south end of the proposed ecology embankment consist of approximately 15 feet of medium dense silty 
sand with gravel.  Wood and trace organic material were observed in two of the samples in the upper 
10 feet indicating that this may be fill.  Medium dense to dense silty sand with gravel consistent with 
glacial till was observed about 15 feet below the surface.  Very dense silty sand with gravel (consistent 
with glacial till) was observed near the surface in boring KJ-1-04.   

Based on the geologic maps, glacial till will likely be present.  The borings (KX-3-04 and KJ-1-04) were 
completed in areas mapped as glacial till, which is consistent with the soil descriptions on the logs. 

5.4.4.6  Ecology Embankment D1.1–Station 4219+00 to 4224+00 SB 
The final ecology embankment, D1.1, is located on the west side of Interstate 405 between NE 116th 
Street and the BNRR Overcrossing.  Explorations along the ditch alignment include B-79 (PSH-1-RE), 
B-147 (PSH-1-RE) and B-171 (PSH-1-RE).   

The exploration logs indicate that glacial till or fill was present at the ground surface; however, a 
significant amount of embankment fill for construction of Interstate 405 was placed following drilling of 
the borings.  The composition and density of this existing embankment fill is not known at this time.  The 
fill will need to be characterized in order to design this facility.   

The geologic maps indicate that the proposed ecology embankment will be constructed in an area 
designated as glacial till.  The soil descriptions on the logs are consistent with glacial till. 

5.4.4.7  Design Criteria 
The design of the ecology embankments should be completed in accordance with guidelines presented in 
the RFP.   
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The RFP design guidelines provide two methods for infiltration design, if applicable:  1) a detailed 
analysis which considers the site specific hydraulic gradient for the site and 2) a simplified method which 
considers the estimated infiltration rate of the site soils.  The site specific hydraulic gradient in the 
detailed analysis is estimated using an empirical equation based on several ASTM gradation properties of 
the soil.  For critical designs, in-situ hydraulic gradient values can be obtained through field tests such as 
packer permeability tests, piezocones, or through the use of a pilot infiltration test (PIT).  The infiltration 
rate using the simplified method is estimated using the ASTM D10 gradation value.  

It should be noted that the RFP design guidelines state that the simplified method described above must 
not be used for determining short-term infiltration rates for runoff treatment infiltration facilities.  The 
table below presents the anticipated soil conditions along the embankment alignment, available laboratory 
test results from the explorations, as well as the estimated long-term infiltration rates.   

Facility 
Number Stationing Soil Type 

Number 
of Sieve 

Analyses 

Results of 
Sieve 

Analyses D10 
(mm) 

Estimated 
Infiltration Rate 

B4.1 4129+50 NB – 4134+50 NB Advance Outwash/Fill 6 < 0.075 < 1 inch per hour 

B4.2 4139+00 NB – 4151+00 NB Advance 
Outwash/Glacial Till 

4 < 0.075 < 1 inch per hour 

Fill 3 < 0.075 < 1 inch per hour 
4151+50 SB – 4175+00 SB 

Advance Outwash 3 0.1 - 0.2 2 - 3.5 C1.1 

4175+00 SB – 4192+50 SB Glacial Till 6 < 0.075 < 1 inch per hour 

C1.2 4179+00 NB – 4205+00 NB Glacial Till/Fill 9 < 0.075 < 1 inch per hour 

D1.1 4219+00 SB – 4224+00 SB Glacial Till/Fill None - - 

 
The estimated infiltration rates presented in the above table were developed using the ASTM D10 
gradation results from laboratory tests and the simplified method described above.  It should be noted that 
the bottom elevation of the ecology embankments had not been determined at the time this report was 
prepared.  As such, we included all gradation test results from the explorations completed near the 
embankment locations.  The estimated infiltration rates may be used for preliminary purposes; however, 
the actual infiltration rate will be highly dependent on the bottom elevation of the embankment.   

It should also be noted that several of the ecology embankments are sited in areas where significant 
thicknesses of fill were placed, namely ecology embankments B4.1 and D1.1.  The estimated infiltration 
rates provided above are typically for the native soils underlying the fill, as most of the borings were 
completed prior to fill placement.  Infiltration of stormwater may cause saturation of the fill soils, leading 
to slope instability.  The stability of the embankment, as described in Section 5.6 of this report, should be 
evaluated as part of the design of the pond 

5.4.5  Facility – Forbes Creek 

5.4.5.1  General 
It is anticipated that a new culvert will be installed below Interstate 405 at about milepost 19.13.  The 
culvert will be about 60 inches in diameter and approximately 500 feet in length.  The culvert will 
likely be installed with a bore and jack process and will be located up to 30 feet below the existing ground 
surface.  The culvert invert elevation will likely be near the elevation of the old creek bed of 
Forbes Creek.   
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Forbes Creek currently crosses under Interstate 405 at about station SB 405 Line 4182+00.  Four 
explorations exist along the west side of Interstate 405 in the vicinity of Forbes Creek including: TP-13 
(L-0889), BRZ-13 (L-0889), BRZ-26 (L-0889), and KI-1-04 (Current).  In general, the soil conditions 
presented on the explorations logs consist of 0 to 5 feet of fill consisting of medium dense sand with 
variable silt and gravel over dense to very dense silty sand with gravel (described as glacial till in several 
explorations).  Hard silt was observed near the bottom of borings BRZ-26 and KI-1-04.  Groundwater 
was observed at about Elevation 130 feet in boring KI-1-04. 

5.4.5.2  Design Considerations 
Because of the wide variety of installation technique and equipment, the design of bore and jack 
operations is best left up to the contractor.  All culvert pipe should meet the minimum requirements as 
specified in the RFP design criteria.  The design and submittal should include necessary information to 
ensure that the pipe can be installed along the planned alignment without damage to the culvert pipe or 
settlement to the adjacent facilities.  It is important to note that the bore and jack casing will likely 
encounter a mixed face condition with dense, native soils near the bottom of the pipe and existing fill 
soils in the upper portion of the pipe.  The lower, native soils will tend to push the casing upward into the 
fill upon jacking. 

5.5  SIGN, SIGN BRIDGE AND SIGNAL POLE FOUNDATIONS 

The number and location of new signs, sign bridges, and signal poles planned as part of the Stage 1 
improvements were not available at the time this report was prepared.  However, based on the general soil 
conditions along the project alignment and previous geotechnical studies, “Standard Plan” foundations 
have typically been used for the design of these structures. 

A common design value used for these features as described in many of the previous studies is an 
allowable lateral bearing pressure of 2,500 psf (pounds per square foot).  This value was used for the 
Totem Lake/NE 128th Street HOV Direct Access project (WSDOT, 2004) and for the SR 405, Northup to 
Bothell HOV project (WSDOT, 1992).  

For foundations placed on or near a slope, the foundation depth will need to be increased or special 
foundation designs will be required.  Special designs may also be required for other reasons, such as 
structure configuration (i.e. cantilever signs with long mast arms).  Special foundation designs should be 
completed using the guidelines presented in the RFP. 

5.6  EMBANKMENTS AND CUT SLOPES 
5.6.1  General 

Existing fill embankments and cut slopes into native soils are present along the east and west sides of 
Interstate 405.  The inclinations of the cut slopes and fill embankments are generally sloped at about 
2H:1V (horizontal to vertical) or flatter.  Based on our observations, in general the embankment and cut 
slopes appear stable throughout the Stage 1 alignment. 

New fill embankments and cut slopes are planned along the Stage 1 alignment.  The limits of the fill 
embankments and cut slopes are shown on the Site Plans, Figures 3A through 3N.  

5.6.2  Design Considerations 

The design requirements for embankments and cut slopes are dependant on the location along the 
alignment.  Bridge approach embankments require Gravel Borrow material.  The factor of safety for 

File No.0180-152-00 Page 26 
February 22, 2005 



bridge approach embankments should be at least 1.5 for static conditions and 1.1 for seismic conditions if 
the embankment supports the structure foundation or if an abutment wall supports the embankment. 

For all other embankments not defined as bridge approach embankments, Select or Common Borrow may 
be used for fill embankment construction.  Global stability analyses should be completed for each 
embankment or cut slope, and the factor of safety should be at least 1.3 for static conditions.  These 
embankments or cut slopes generally do not need to be designed for seismic conditions.   

If retaining walls are designed to support embankments or cut slopes, the overall stability of the 
embankments and slopes in the vicinity of the walls shall be considered as part of the design of retaining 
walls.  All embankment design must meet the requirements outlined in the RFP.    

Soft subgrade soils and/or unsuitable soils are likely to be encountered during construction in areas 
adjacent to existing mapped wetlands.  Soft/unsuitable soil may also be present in other areas along the 
project alignment.  Soft/unsuitable soils will likely require overexcavation and replacement with suitable 
borrow materials in order to achieve adequate embankment stability.  Alternatively, using staged-
construction and preloads may be acceptable techniques for constructing embankments over soft ground.  
Mapped wetlands present along the alignment are shown on Figures 3A through 3N.  

6.0  CONSTRUCTION CONSIDERATIONS  

6.1  BRIDGE FOUNDATIONS 
6.1.1  General Considerations 

An existing camera pole and other electrical equipment are located south of Pier 1 of the existing 
116th Street bridge structure 405/55E.  These facilities, as well as other utilities and existing bridge 
foundation elements within the construction area, will need to be removed prior to construction of the 
new bridge foundations.  

6.1.2  Shallow Foundations 

Based on the borings completed for the existing 116th bridge structures, groundwater was present within 
4 feet of the original ground surface.  Groundwater seepage was expected during foundation excavation 
for this structure, but the groundwater quantity was not anticipated to be excessive and was expected to be 
handled by ditching and/or pumped sumps.   

Groundwater seepage should be anticipated for shallow foundation excavations for intermediate piers of 
the new bridges.  If not properly controlled, the subgrade soils could become muddy and/or unstable and 
may require overexcavation.  It is prudent to channel groundwater away from the footing subgrade as it’s 
encountered, before saturation and deterioration of the subgrade occurs.  

The stability of temporary footing excavations will need to be addressed in order to construct shallow 
foundations.  Open cuts may be completed where space allows.  Driven shoring, e.g. sheet piling, should 
be expected to meet refusal in the dense/hard native soils underlying the fill at the site.  Cantilevered 
shoring may be appropriate for the abutment piers of the new structure, but likely will not be appropriate 
for interior piers because native soils are near the existing ground surface and penetration of sheets below 
the base of the excavation may be difficult.  Alternative shoring methods, such as crossed-braced sheets 
or soldier pile and lagging walls, may be more appropriate. 
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6.1.3  Pile Foundations 

Pile driving should be completed in general accordance with the WSDOT (2004) “Standard 
Specifications.”  Additionally, at least one test pile should be driven at each bridge pier location prior to 
driving production piles. 

Interstate 405 will likely remain open during construction of the replacement bridges.  This will result in a 
heavily congested work area.  Pile installation, movement of pile driving equipment and staging of 
construction materials will need to be considered in order to maintain operation of Interstate 405. 

6.1.4  Drilled Shafts 

Groundwater seepage should be expected in drilled shaft excavations, and the contractor should be 
prepared to deal with these conditions.  Control of groundwater may require the use of temporary casing 
or “wet” construction using drilling slurries to maintain sidewall stability of the drilled hole.  Temporary 
casing may also be required to maintain support of the existing embankment fill material during drilled 
shaft construction.  If “wet” construction methods are used, it will be necessary to use tremie methods for 
placement of concrete.  Nondestructive testing of shafts using Cross Sonic Logging (CSL) is required for 
all drilled shafts constructed using “wet” methods.  Installation of the CSL logging tubes should occur 
during construction.   

Drilled shafts should be drilled with equipment that reduces the amount of loose cuttings or slough at the 
bottom of the drilled hole.  All slough and loose cuttings should be removed from the hole prior to 
placing the concrete. 

Cobbles and boulders are frequently encountered in glacially deposited soils.  The contractor should be 
prepared to remove cobbles and boulders during drilled shaft construction.   

Interstate 405 will likely remain open during construction of the replacement bridges.  This will result in a 
heavily congested work area.  Shaft installation, movement of equipment and staging of construction 
materials will need to be considered in order to maintain operation of Interstate 405. 

6.2  WALLS 
6.2.1  Walls Supporting Cuts 

The construction considerations presented in Section 6.1 for bridge foundations are also appropriate for 
retaining wall foundations, depending on the type of wall and foundation support option selected during 
design. 

Groundwater seepage should be expected in drilled shaft excavations for soldier piles should a soldier pile 
wall be selected to support cuts.  Soldier pile excavation may require temporary casing, drilling slurry, or 
a combination of both, in order to maintain stability of the drilled hole.  Temporary casing may also be 
required to maintain support of the loose soils near the ground surface during soldier pile construction. 

Face stability and localized caving may occur during installation of soil nail walls (should this method be 
selected for support cuts) due to the presence of loose soils near the ground surface and shallow 
groundwater.  The soil nail contractor should be prepared to modify their excavation and soil nailing 
methodology to reduce caving, as excessive caving could impact facilities outside the Interstate 405 right-
of-way.  Face stability is less of an issue for soldier pile walls but still needs to be considered when 
installing lagging. 
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Cobbles and boulders are frequently encountered in glacially deposited soils.  The contractor should be 
prepared to remove cobbles and boulders during drilled shaft construction for soldier piles.  The 
contractor’s drilling method for ground anchors (soil nails or tiebacks) should also be capable of dealing 
with cobbles and boulders, should they be encountered. 

6.2.2  Sound Walls and Fill Walls 

The construction considerations presented in Section 6.1 for bridge foundations are also appropriate for 
sound wall and fill wall foundations, depending on the foundation support option selected during design.  

As previously stated, soft subgrade soils and/or unsuitable soils are likely to be encountered during 
construction in areas adjacent to existing mapped wetlands.  Soft/unsuitable soils may require 
overexcavation and replacement with suitable borrow materials, depending on the foundation support 
option selected for the sound wall.  

6.3  STORMWATER FACILITIES   
6.3.1  Detention Ponds 

Highly variable soils are likely to be encountered during construction because the facilities, particularly 
Pond B4, are located within an existing roadway fill.  Care should be taken by the contractor to reduce the 
amount of soil disturbance and fill stability during construction.   

6.3.2  Detention Vault 

The construction considerations presented in Section 6.1.2 for shallow foundations are also appropriate 
for construction of the detention vault foundation.   

As previously stated, soft subgrade soils and/or unsuitable soils are likely to be encountered during 
construction in areas adjacent to existing mapped wetlands.  Soft/unsuitable soils may require 
overexcavation and replacement with suitable borrow materials.  Care should be taken by the contractor 
to reduce the amount of soil disturbance in the adjacent wetland during construction. 

6.3.3  Ecology Embankments 

Initial excavation for ecology embankments designed for infiltration should be completed to within about 
1 foot of the finished grade.  Final excavation to finish grade should be deferred until all disturbed areas 
upgradient of the facility have been stabilized or protected; otherwise the infiltration capacity can be 
significantly decreased.  The final phase of excavation should remove all accumulated sediment from the 
facility. 

Infiltration facilities should generally not be used as temporary sediment traps during construction 
because of the potential for decreasing the long-term infiltration capacity of the soils. 

6.3.4  Forbes Creek 

We anticipate that the soil conditions along the proposed alignment of the culvert will consist of fill and 
alluvium overlying dense native soils.  It is likely that the drilling will encounter a mixed face condition.  
Because of the variable density of the soils, the leading edge of the pipe will tend to be deflected into the 
looser/softer soils.  The contractor performing the construction should be prepared to compensate for this 
condition to maintain the correct pipe alignment and invert profile. 
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Based on the subsurface soils encountered in the explorations, low to moderate sidewall friction should be 
anticipated during jacking operations.  Problems with side friction can be reduced by injecting bentonite 
slurry around the perimeter of the pipe.  

The jacking and receiving pits may require excavations for equipment access.  Depending on the locations 
of the pits, the excavations may need to be temporarily shored.  The decision to shore the temporary 
jacking or receiving pits will depend on the proximity of improvements.  The Contractor should be 
responsible for the design and maintenance of shoring and for the safety of people and equipment in and 
near the excavations. 

It is likely that the proposed culvert will be installed near the existing culvert for Forbes Creek and that 
surface water or groundwater associated with the creek will seep into the jacking and receiving pits.  
Therefore, dewatering in the jacking and receiving pit areas will likely be necessary. 

6.4  SIGN, SIGN BRIDGE AND SIGNAL POLE FOUNDATIONS 

The construction considerations presented in Section 6.1 for bridge foundations are also appropriate for 
sign, sign bridge, and signal pole foundations.  

6.5  EMBANKMENTS AND CUT SLOPES 

The Golder (2004) “Geology, Soils, and Groundwater Discipline Report” mentions the presence of a 
Metro Sewer Line between milepost 19.45 and 19.65 at a depth of 15 feet or more below the existing 
ground surface.  Impacts of fill placement over the sewer line will need to be considered during 
construction. 

The majority of the existing soils at the site contains a high percentage of fines (silt material passing the 
US No. 200 sieve) and are moisture sensitive.  Operation of equipment on the site soils will be difficult if 
embankment construction is completed during wet weather.  Disturbance of shallow subgrade soils 
should be expected if construction is completed during periods of wet weather.   

Gravel Borrow, as defined in WSDOT (2004) “Standard Specification” will likely be required for 
embankment construction during wet weather.  Select and Common Borrow materials, as defined in 
WSDOT (2004) “Standard Specifications,” are not considered to be wet weather construction materials.  
It should be noted that compaction of borrow materials, even Gravel Borrow, may be difficult during wet 
weather, unless the fines content is restricted to less than 5 percent.  Section 3.2 of this report provides 
some general guidance regarding the re-use of on-site soils for fill and what gradation criteria (Common 
Borrow, Select Borrow, or Gravel Borrow) they often meet. 

Soft subgrade soils and/or unsuitable soils are likely to be encountered during construction in areas 
adjacent to existing mapped wetlands, as shown on Figures 3A through 3N of this report.  Soft/unsuitable 
soil may also be present in other areas along the project alignment.  Soft/unsuitable soils may require 
overexcavation and replacement with suitable borrow materials in order to achieve adequate embankment 
stability.  Alternatively, staged construction and/or preloading may be more appropriate depending upon 
the thickness, composition and total volume of the unsuitable soils that would otherwise be 
overexcavated. 

The contractor should expect limited work and staging areas for embankment and cut slope construction 
because of right-of-way constraints and the need to maintain operation of Interstate 405 during 
construction.   
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7.0  SUPPLEMENTAL SUBSURFACE EXPLORATIONS 

The thirteen new explorations for this study were completed to fill-in data gaps along the project 
alignment and to aid in general site characterization.  Since specific borings were not completed for the 
planned facilities, supplemental geotechnical explorations will be necessary to confirm subsurface 
conditions and to develop final design criteria for the facilities.  The number and location of supplemental 
explorations should meet the minimum criteria provided in the RFP. 

8.0  LIMITATIONS 

We have prepared this report for the exclusive use by the Interstate 405 Design Team and other members 
of the project team for the subject project.  The data and report should be provided to prospective 
contractors for their bidding or estimating purposes, but our report, conclusions and interpretations should 
not be construed as a warranty of the subsurface conditions. 

Within the limitations of scope, schedule and budget, our services have been executed in accordance with 
generally accepted practices in the fields of geotechnical engineering in this area at the time this report 
was prepared.  No warranty or other conditions, express or implied, should be understood. 

Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if 
provided, and any attachments are only a copy of the original document.  The original document is stored 
by GeoEngineers, Inc. and will serve as the official document of record. 
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Piezometer Readings
Work Order: Xl-20G8 Boring Number: AHN-841

Location: 1-405Stage 1&2 Kirkland Nickel Project

Hole Number: KT-1-04

Total Pipe Length: 9.85

Comments:

Elevation of Pipe:

Ground Elevation:

Station: 9245+00 Offset: 50' Rt Length of Pipe Above Ground: 1.90

Readings Taken at top of pipe in feet

Water level Water
Water Above or Elevation

Date Reading Below Grade (Ifknown) Comments

Page1of 1

8/4/2004 -9.60 -7.70 InitialReading

8/31/2004 -9.40 -7.50

9/28/2004 -9.40 -7.50

10/27/2004 -9.35 -7.45

12/1/2004 -9.10 -7.20

1/5/2005 -8.90 -7.00



Piezometer Readings
Work Order: XL-2068 Boring Number: AHN-840

Location: 1-405Stage 1&2 Kirkland Nickel Project

Comments:

Hole Number: KU-1-04

Total Pipe Length: 35.30

Elevation of Pipe:

Ground Elevation:

Station: 9225+00 Offset: 60' Rt Length of Pipe Above Ground: 1.70

Readings Taken at top of pipe in feet

Water Level Water
Water Above or Elevation

Date Reading Below Grade (Ifknown) Comments

Page 1 of 1

8/4/2004 -10.75 -9.05 InitialReading

8/31/2004 -10.85 -9.15

9/28/2004 -10.65 -8.95

10/27/2004 -10.90 -9.20

12/1/2004 -10.10 -8.40

1/5/2005 -8.35 -6.65

2/2/2005 -7.30 -5.60



Piezometer Readings

Work Order: XL-2068 Boring Number: AHN-886

Location: 1-405Stage 1&2 Kirkland Nickel Project

Hole Number: FC-1-04

Total Pipe Length: 38.70
~levallOI1 01 rlf-"".

Comments:

Station: Offset:

Ground Elevation:

Length of Pipe Above Ground: 1.60

Readings Taken at top of pipe in feet

Water Level Water
Water Above or Elevation

Date Reading Below Grade (Ifknown) Comments

Page 1 of 1

12/1/2004 -28.70 -27.10
InitialReading

1/5/2005 -28.10 -26.50

2/2/2005 -28.00 -26.40



Piezometer Readings
Work Order: Xl-2068 Boring Number: AHN-809

Location: 1-405Stage 1&2Kirkland Nickel Project

Hole Number: KG-1-04

Total Pipe Length: 36.90

Station: 9157+20 Offset: 195' Rt

Elevation of Pipe:

Ground Elevation:

Length of Pipe Above Ground: 0.00

Comments:

Readings Taken at top of pipe in feet

Water level Water
Water Above or Elevation

Date Reading Below Grade (Ifknown) Comments

Page 1 of 1

7/20/2004 -4.90 -4.90 InitialReading

8/31/2004 -4.60 -4.60

9/28/2004 -4.40 -4.40

10/27/2004 -4.20 -4.20

12/1/2004 -3.70 -3.70

1/5/2005 -3.50 -3.50

2/2/2005 -3.50 -3.50



Piezometer Readings

Comments:

Station: 9215+50

Hole Number: KI-1-04

Total Pipe Length: 47.85

Elevation of Pipe:

Ground Elevation:

Work Order: Xl-2068 Boring Number: AHN-816

Location: 1-405Stage 1&2 Kirkland Nickel Project

Offset: 80' Lt Length of Pipe Above Ground: 1.00

Readings Taken at top of pipe in feet

Water level Water
Water Above or Elevation

Date Reading Below Grade (Ifknown) Comments

Page 1 of 1

7/20/2004 -17.00 -16.00 InitialReading

8/31/2004 -18.55 -17.55

9/28/2004 -19.00 -18.00

10/27/2004 -19.55 -18.55

12/1/2004 -19.30 -18.30

1/5/2005 -16.95 -15.95

2/2/2005 -14.40 -13.40



Piezometer Readings
Work Order: XL-2068 Boring Number: AHN-810

Location: 1-405Stage 1&2 Kirkland Nickel Project

Hole Number: KJ-1-04

Total Pipe Length: 39.60
I::leVClllulI UI rope.

Comments:

Station: 9229+90 Offset: 80' Rt

Ground Elevation:

Length of Pipe Above Ground: 1.50

Readings Taken at top of pipe in feet

Water Level Water
Water Above or Elevation

Date Reading Below Grade (If known) Comments

Page 1 of 1

7/20/2004 -10.55 -9.05 InitialReading

8/31/2004 -9.65 -8.15

9/28/2004 -9.50 -8.00

10/27/2004 -9.00 -7.50

12/1/2004 -8.10 -6.60

1/5/2005 -7.80 -6.30

2/2/2005 -8.10 -6.60



Piezometer Readings
Work Order: XL-2068 Boring Number: AHN-837

Location: 1-405Stage 1&2 Kirkland Nickel Project

Comments:

Hole Number: KQ-1-04

Total Pipe Length: 39.45

Elevation of Pipe:

Ground Elevation:

Station: 9161+10 Offset: 110' Rt Length of Pipe Above Ground: 1.70

Readings Taken at top of pipe in feet

Water Level Water
Water Above or Elevation

Date Reading Below Grade (Ifknown) Comments

Page 1 of 1

8/4/2004 -18.45 -16.75 InitialReading

8/31/2004 -18.30 -16.60

9/28/2004 -18.20 -16.50

10/27/2004 -18.30 -16.60

12/1/2004 -17.80 -16.10

1/5/2005 -17.40 -15.70

2/2/2005 -17.30 -15.60



t""lezurIl~l~r r\.t::dUIII~"

Work Order: XL-2068 Boring Number: AHN-838

Location: 1-405Stage 1&2 Kirkland Nickel Project

Hole Number: KR-1-04

Total Pipe Length: 23.60

Elevation of Pipe:
<:)rauun: ::n O;J"'uu VII;:>"".~V .,. ~~"::I"'~" ', _.~~.

Readings Taken at top of pipe in feet

Water Level Water
Water Above or Elevation

Date Reading Below Grade (Ifknown) Comments

Page 1 of 1

8/4/2004 -18.15 -16.45 InitialReading

8/31/2004 -18.55 -16.85

9/28/2004 -18.75 -17.05

10/27/2004 -18.90 -17.20

12/1/2004 -19.00 -17.30

1/5/2005 -18.70 -17.00

2/2/2005 -18.20 -16.50
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